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The demonstration of low serum properdin
titers in many patients with advanced neo-
plastic diseases(1-5) and the correlation of
this phenomenon with diminished ability to
reject homotransplants of cultivated human
cancer cells(1,6) impels direct study of the
effects of properdin on growth of neoplasms.
The present paper reports failure of properdin
to affect growth of human cancer cells in tis-
sue culture, and the effects of incubation in
tissue cultures on complement components
and properdin.

Methods. Properdin (P) was prepared
from normal human serum by 2 methods: ad-
sorption onto zymosan (Z) at 17°C and sub-
sequent elution of P from resulting P-Z com-
plex(10), or a modification of the Cohn se-
rum fractionation technics utilizing ethanol
precipitation(16). These preparations were
supplied by Dr. Louis Pillemer of Western
Reserve University and Dr. Benjamin Sanders
of Merck, Sharp and Dohme Labs respec-
tively. Human serum reagents lacking P
(RP) or lacking P and C’3 (R3) but con-
taining all other components of the properdin
system were prepared by adsorption with zy-
mosan at 17°C and 37°C respectively(9,10).
In studies of P prepared by Z adsorption, the

* These studies supported by research grants from
Nat. Cancer Inst., U.S.P.HS, and Phoebe Water-
man Fund. The authors are also greatly indebted to
the late Dr. Louis Pillemer and his staff, without
whese cooperation and assistance these studies could
not have been initiated.

same serum was the source of both P and
RP. All preparations of P, RP, and R3 were
tested in tissue cultures singly (i.e. in absence
of complete P system) to eliminate prepara-
tions with innate cytoxicity. They were
stored at —10°C or —60°C and thawed at room
temperature immediately before use. P
analyses were performed by the zymosan (he-
molytic) technic of Pillemer without modifica-
tion(10). All RP, R3, embryo extract, pleu-
ral fluid, and ascitic fluid preparations used
had no titratable P (<1. U/ml). Parallel C'3
titrations on RP preparations in presence and
absence of Z suggest that residual P was less
than 0.5 U/ml. Since the tissue-culture me-
dia contained not more than 50% serum
products, it follows that media without added
P had residual P levels of <0.5 U/ml and
probably <0.25 U/ml. For convenience
these media are referred to as properdin-free.
C’ and C' components were assayed by the
technic of Ecker, Pillemer and Seifter(17) ex-
cept that 50% hemolysis end point was used
instead of 100%. The hydrazine method was
used for preparation of the R4. Percent he-
molysis was estimated by visual comparison
with standards prepared from same erythro-
cyte suspension used for the test. All P as-
says and all C’ and C’ component assays from
a single experiment were done simultaneously
using the same reagents throughout. At least
one normal human serum standard (and in
properdin studies, a purified properdin stand-
ard) were included in all titrations to check
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the reagent systems. All specimens were
stored in mechanical deep freeze (-60° to
70°C) from time of collection to time of titra-
tion. Two human cancer cell lines, Toolan’s
HEp #2(7) and Osgood’s J-111(8), were cul-
tivated for approximately 12 months prior to
these experiments in properdin-free tissue cul-
ture media consisting of 45% Gey’s salt solu-
tion, 5% chick embryo or beef embryo ex-
tract, and 50% ascitic or thoracic fluids from
cancer patients.  Subcultures were then
planted in tubes and fed with 1 ml of another
properdin-free medium consisting of 45%
Gey’s or Eagle’s solution. 39 chick embryo
extract, and 50% properdin-free serum (RP
or a mixture of RP and R3). Gey’s solution
(11) was used for HEp #2 cells. and Eagle’s
solution(12) for J-111 cells. After cultiva-
tion in these media for 1-3 weeks to allow
adaptation of cells to the RP serum, P (in
solution in Gey’s or Eagle’s solution) was
added to some to produce the desired final
concentrations of P. Cultures were incubated
at 37°C in stationary tubes without plasma
clot and were refed with the appropriate media
at intervals of 1 to 7 days. Representative
samples of the old media which were removed
when refeeding were titered for residual prop-
erdin and complement. Maximum pH vatia-
tion in the cultures was 6.5 to 7.5. Magne-
sium and calcium ion concentration in the
various media were calculated to be in the
magnitude of 1 x 10 and 2 x 103 molar re-
spectively. In studies of homotransplanta-
bility (Exp. 1), cultures were refed every 4-7
days, and after observation for 3 weeks or
more, tubes containing identical nutrients
were trypsinized, pooled, and transferred to
milk dilution bottles for further cultivation
in 10 ml of same media. Finally, they were
harvested by trypsinization, washed twice, re-
suspended in Gey’s salt solution, counted by
hemocytometer, and transplanted subcutane-
ously to volunteer patients with advanced
cancer and low serum properdin titers. Im-
plant sites were observed daily for evidences
of growth of homotransplanted cells and after
nodules appeared they were measured daily
until excised simultaneously for comparative
microscopic study. In studies involving se-
rial titration of C' and P (Exp. 3), cultures

and blanks were in milk-dilution bottles con-
taining 12 ml of medium. For this study the
medium was 35% RP, 15% R3, 5% chick em-
bryo extract, and 50% Gey’s solution or prop-
erdin in Gey’s solution. Aliquots of 2 ml
were removed from each bottle (and not re-
plenished) at each of the 4 time intervals.
Results. Exp. 1. Prolonged exposure to
properdin followed by homotransplantation.
HEp 2 and J-111 cells were cultivated in me-
dia containing 0, 5, or 20 U of P/ml for 6
weeks with replenishment of medium every 3
days. There was no effect on cell morphology
or multiplication rate as judged by micro-
scopic observation of stained and unstained
cultures. Total cell counts at end of culti-
vation period indicated that cells had in-
creased between 6-fold and 30-fold without
relation to P content of the medium. These
differences are not significant. After each re-
feeding the cultures contained a complete
complement system as measured by hemo-
lytic effect of the medium on sensitized sheep
erythrocytes, but complement activity did not
persist much longer than 24 hours (see Exp.
3). Thus, these cells were only intermit-
tently exposed to a complete P’ system. P
levels in these cultures fell 50% or less during
5 days of incubation. Homotransplantation
of these HEp #2 cells into a volunteer patient
with advanced malignant melanoma and se-
rum P level of <1 U/ml resulted in growth
of a nodule at each implant site, with no sig-
nificant differences in growth rate or final
nodule diameters. Biopsies of all 4 nodules
on day 14 showed identical histologic appear-
ance with good growth of the implanted cells
and no inflammatory or other regressive
changes. Homotransplantation of the J-111
cells into another melanoma patient with
a serum properdin titer of <1 U/ml pro-
duced only a vaguely palpable thickening at
implantation sites by the 27th day after in-
oculation when the patient died. At autopsy
the only J-111 nodule which could be located
for excision was that produced by cells which
had been grown in a properdin concentration
of 20 U/ml. In histologic sections there were
sheets of healthy appearing cells of the im-
planted type and no inflammatory or regres-
sive change. Although this reimplantation
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F1G, 1, Total complement and complement eonipo-
nent titers in tissue culture media in Exp. 3 (see
text). Black dots (@) indicate media from HEp 2
cell tissue cultures. Open eireles () indicate me-
dia from ‘‘blank’’ culture bottles, i.e., no cells
present. Solid lines indicate media eontaining pro-
perdin (20 U/ml without change for duration of
experiment). Dotted lines indicate properdin-free
media. Titers and rate of fall of C'1, C'2, C’4, and
total complement were not significantly affeeted by
cells, but in presence of properdin (with or with-
out cells) titers were lower. Titers of ('3 varied
erratieally during first 6 hr in presence of proper-
din or cells but no significant changes persisted
after 24 hr,

study of J-111 cells did not permit adequate
comparison between the 4 preparations, it
is clear that cell growth potential was not
abolished by cultivation in the presence
of properdin. In other cancer patients homo-
transplantation studies with J-111 cells grown
in properdin-free media gave similar nodule
growth and microscopic appearance.

Exp. 2. Cultures continuously exposed to
a complete properdin system. Because serial
complement titrations of tissue culture media
indicated that little complement activity re-
mained after 24 hours of incubation, cultures
of HEp 2 cells were refed every 24 hours for
6 days. Duplicate cultures were grown in
each of 5 media as follows: Complete P sys-
tem (RP & R3 & P); P but no C’ (Heated
RP & R3); C’ but no P (P heated); C’ but
no P (P omitted) ; neither C’' nor P (RP & R3
heated, P omitted). Properdin when present
titered 8 U/ml. Total C’ when present titered
40 U/ml initially and approximately 5 U/ml
after 24 hours incubation. Heated prepara-
tions contained no detectable P or C’. All
cultures grew well throughout the study with-
out relation to presence or absence of C’' or P
or both, as judged by daily microscopic ob-
servation of living cultures.

Exp. 3. Behavior of complement compon-
ents and properdin in tissue cultures. To study
rate of disappearance of C’ components and P,
tissue culture medium containing a complete
C’ system was incubated in bottles with and
without growing HEp 2 cells and with and
without P. Aliquots were removed after in-
cubating for 2, 6, 24, and 48 hours. P
showed no significant change. Total comple-
ment activity in bottles containing P fell rap-
idly during the first 6 hours of incubation and
disappeared (<5 U/ml) by 24 hours. In bot-
tles containing no P’ the fall-off of C’ activity
was significantly slower, but C' was undetec-
table by 48 hours (Fig. 1).

C’ 2 titers essentially duplicated the total
C’ titer and thus C’2 appeared to be the limit-
ing component at all times (Fig. 1). C'4 was
not a limiting component initially but fell to
levels nearly as low as C'2 by 6 hours. It
dropped more rapidly in presence of P.
C’1 was never a limiting factor (Fig. 1).
In the presence of P, C'1 titer fell more rap-
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idly than in absence of P, but it did not drop
further after 24 hours. No drop of ('l was
demonstrated in bottles lacking P. Since (71
levels were high and since titrations were
based on dilutions in geometric progression. an
absolute change in C’ titers equal to that ob-
served for C’2 would not have been detected
(c.g. a decrease of C’1 from 240 U, /ml to 200
U ml would not be detectable by this technic.
whereas an equal drop in ("2 would reduce it
from normal levels to zero).

C’3 was never a limiting factor. It showed
erratic fluctuations at 2 and 6 hours in bottles
containing P or cells or both, but there were
no significant differences at 24 or 48 hours.

As in all other studies, the cells grew well
in all tubes throughout experiment.

Discussion. Under conditions of this study
human properdin at physiologic concentra-
tions had no cytotoxic effect. It follows that
if serum properdin plays any part in the proc-
ess of homo- and hetero-transplant rejection.
a possibility suggested by several studies with
human and animal systems(1.13.14,15). it
must either require combined action with ad-
ditional factors for its anticellular effect. or
must act indirectly. The tissue culture media
which were used contained all factors pres-
ently known to be necessary for reactivity of
properdin in the zymosan assay (calcium and
magnesium ions and the 4 components of
complement). However, there is no reason
to assume that these are the only components
involved in other systems in which properdin
may function. On the other hand, there is
nothing in the experiments cited above which
proves that properdin participates in homo-
transplant rejection. All observations could
be equally well interpreted as indicating
merely that properdin levels vary in parallel
with some as yet undefined factors which are
directly involved in rejection of transplanted
cells.

The possibility that concentrations of prop-
erdin greater than 20 U 'ml might have cyto-
toxic effects was not investigated. but seems
irrelevant to the purpose of this investigation.
since a concentration of 20 U, 'ml is well above
the maximum normal level in human serum.

It is recognized that these cultures were not
grown in complete absence of P, but merely at

P concentrations below ¥4 U/ml. While it is
conceivable that if cells were grown in com-
plete absence of P, they might be adversely
affected by addition of P, this possibility
seems to have little application to the prob-
lem under study since in the previous clinical
studies(1.6) homotransplant rejection was im-
paired when serum P levels were 2 U/ml or
lower.

The fact that after a week of incubation in
tissue culture 50% or more of original proper-
din content was still detectable, indicates that
the cells were in contact with properdin
throughout the entire study and that proper-
din is not rapidly metabolized by these cells.

Failure of growing cells to affect comple-
ment titers likewise indicates that comple-
ment is not rapidly metabolized by the cells.
It also suggests that no reaction occurred be-
tween P and the cells, since it might be ex-
pected (by analogy with other properdin reac-
tions) that if such a reaction occurred, com-
plement would have participated in the reac-
tion.

The rapid fall of C’'2 and C'4 titers during
incubation of the tissue culture media might
be attributable to chemical lability without
assuming any serologic reaction, but the fact
that these titers fell even more rapidly when
properdin was present, and that C'I also fell
in the presence of P, suggests that these 3
complement components may react with P
even in the absence of a properdin-binding
substrate. (The possibility of a P-binding
substance in serum reagents is not excluded,
but seems unlikely since it should have reacted
in vivo or during the incubation steps in
preparation of RP or R3.)

The erratic, but transient falls in C’3 titers
in tissue culture media are unexplained. They
suggest the possibility that C’3 may have re-
acted with properdin or with cells to form
reversible complexes which made the C’3 tem-
porarily inaccessible to the hemolytic detec-
tion system.

Conclusions. 1) Neither properdin (up to
20 U/ml) nor absence of detectable properdin
(< V4 U/ml) had any apparent influence upon
growth rate or morphology of human cancer
cells HEp #2 or J-111 in tissue culture, nor
upon their ability to propagate on subsequent
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homotransplantation. 2) Neither properdin
nor complement was rapidly metabolized or
inactivated by these cells in tissue culture. 3)
Addition of properdin to tissue culture me-
dium (in presence or absence of cells) caused
a fall in C'1 titer and accelerated the fall of
C’2 and C'4.
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It has been shown unequivocally that sul-
fonylureas produce degranulation of the pan-
creatic B cells of rats, rabbits and dogs when
administered over prolonged periods(1-3).
This degranulation has been interpreted(2)
as indicative of suppression of insulinogenesis
similar to that observed during chronic hypo-
glycemia induced by insulin administration.
However, we demonstrated previously (4) that
in rabbits insulin induced hypoglycemia did
not produce degranulation, whereas hypogly-
cemia of equivalent depths and duration pro-
duced by tolbutamide caused varying degrees
and frequently complete degranulation of the
B cells. We undertook to determine whether
the hypoglycemic sulfonylureas would pro-
duce pancreatic B cell degranulation even
though their hypoglycemic action was pre-
vented by simultaneous infusion of glucose.

* Supported by grant from Upjohﬁ 7Co., Kalama-
z00, Mich.

Furthermore, since the hypoglycemic effective-
ness of these drugs apparently depends on
their ability to increase insulin output from B
cells and since this increased insulin output
will be reflected in the extent of B cell de-
granulation, we attempted to correlate their
blood sugar lowering efficacy with degree of B
cell degranulation.

Material and methods. We used 72 New
Zealand white rabbits of either sex, weighing
2.5 to 4 kg divided into 3 main groups. 1)
Single injections. FEighteen normal rabbits,
after overnight fast, each received intrave-
nously 125 mg/kg of tolbutamide or chlor-
propamide, or metahexamide. Furthermore, 6
animals received 1 cc/kg of saline intrave-
nously and served as controls. Blood was
withdrawn from marginal ear vein immedi-
ately before and at hourly intervals for 5 con-
secutive hours after administration of each
test dose. 2) Multiple injections. Eighteen



